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Fotosynthetische plantenweefselsл-\ zowel als fotosynthetische bacteriën" 
hebben een hoog gehalte aan de glycolipiden: monogalactosyldiglyceride 
(GDG) en digalactosyldiglyceride (GGDG). CARTER en medewerkers7 heb-
ben deze twee galactolipiden voor het eerst gevonden in 1956. Deze werk-
groep heeft tevens de chemische structuur van het mono- en digalactolipide 
opgehelderde !). De chemische naam van het mono- en digalactolipide luidt: 
GDG: 2,3-diacyl-l-/?-D-galactopyranosyl-D-glycerol 
GGDG: 2,3-diacyl-l-(a-D-galactopyranosyl-l,6-/tf-D-galactopyranosyl)-D-
-glycerol. 
De vetzuursamenstelling van de galactolipiden verschilt van plant tot plant. 
Diverse onderzoekers vinden voor uit spinazie (Spinacia olerácea L.) ge-
isoleerde galactolipiden verschillende vetzuursamenstellingen, met name wat 
betreft het monogalactosyldiglyceride. VAN DEENEN en HAVERKATE 10, en 
ALLEN en medewerkers" vonden ongeveer 25% hexadecatrieenzuur in de 
vetzuren van het monogalactolipide. SASTRY en KATES 1 2 , en BENSON13 von-
den het hexadecatrieenzuur in het geheel niet. De verschillen tussen de vet-
zuursamenstelling van het diagalactosyldiglyceride, zoals die door verschil-
lende auteurs is gevonden, zijn gering. In tabel I is de volledige vetzuur-
samenstelling weergegeven, zoals die is gevonden door ALLEN en medewer-
kers11 en door SASTRY en KATES 1 2 . 
TABEL I 
palmitinezuur 
hexadecadieenzuur 
hexadecatrieenzuur 
oliezuur 
linolzuur 
a-linoleenzuur 
16 
16 
16 
18 
18 
18 
0 
2 
3 
1 
2 
:3 
ALLEN et al. 
GDG 
0,4% 
0,5 
25,0 
0,6 
1,6 
71,9 
GGDG 
3,4% 
— 
5,4 
1,8 
1,7 
86,7 
SASTRY & KATES 
GDG GGDG 
2,3% 
sp*) 
sp 
sp 
2,2 
95,5 
4,5% 
sp*) 
1,0 
sp 
1,3 
93,2 
*) spoor 
De hoeveelheid van deze galactolipiden die in spinazie wordt gevonden, 
is bepaald door WINTERMANS 14. Deze auteur vindt voor GDG 2,3 «mol/g 
blad en voor GGDG 1,3 «mol/g blad vers gewicht. 
De galactolipiden, evenals het chlorofyl, zijn in hoofdzaak gelocaliseerd 
in de chloroplast lamellen 15> lu. Een relatie tussen de galactolipiden en het 
chlorofyl lijkt niet onwaarschijnlijk. WINTERMANS2 vond een hoger gehalte 
aan galactolipiden in groene bladeren van Sambucus nigra en Phaseolus 
vulgaris in vergelijking met gele, chlorofyl-arme bladeren. ROSENBERG17"19 
demonstreerde dat door belichting van in het donker gegroeide cellen van 
Euglena gracilis de vorming van chloroplasten wordt geïnduceerd. De vor-
ming van chloroplasten wordt gekenmerkt door gelijktijdige verschijning van 
8 
chlorofyl en de galactosyldiglyceriden Gedurende het gehele actieve groen-
wordingsprotes wordt een moleculaire verhouding gehandhaafd van 1 mole-
cuul chlorofyl op 2-3 moleculen galactosyldiglycende Zolang als deze ver-
houding gehandhaafd blijft is er meer galactolipide aanwezig dan er theo-
retisch nodig is voor het stabiliseren van alle chlorofylmoleculen in een 
film De fotoreceptieve porfynnenngen van de chlorofylmoleculen moeten 
zodanig gerangschikt zijn dat aan de oppervlakte van de lipidenmatnx ope-
ningen tussen de chlorofylmoleculen blijven bestaan De vetzuurketens van 
de galactolipiden zouden een zodanige configuratie moeten hebben, dat zij 
met de fytolketen van het chlorofylmolecuul een stabiel sleutel-slot mecha-
nisme vormen, waardoor er tussen de porfynnenngen voldoende ruimte is 
voor een efficiente fotoreceptie De overmaat aan galactolipiden, die ont-
staat bij het groenwordingsproces in de chloroplasten van Euglena, kan dan 
in geval van nood als bron van metabolische energie dienen 
Wanneer groene cultures van Euglena gracilis*'1 in het donker worden 
geplaatst, neemt het chlorofylgehalte langzaam af De overmaat aan galac-
tolipiden verdwijnt zeer snel Is eenmaal de verhouding van 1 molecuul 
chlorofyl op 2 moleculen galactosyldiglycende bereikt, dan blijft deze ver-
houding gedurende het verdere ontgroeningsproces constant 
BENSON en medewerkers1 '^" nemen eveneens aan dat het galactose-deel 
van de galactosyldiglyceriden als suikerreserve gebruikt kan worden, waar-
door Ú2 galactolipiden een mogelijkheid hebben om aan het koolhydraat 
metabo'isme deel te nemen 
CHANG en LUNDINJ1 vonden dat de galactolipiden een stimulerende wer-
king hebben op de snelheid van de cytochroom с fotoreductie door intacte 
chloroplasten, verkregen uit vers spinazie blad 
FERRARI en B L N S O N " , en K A T E S ' vonden dat de galactolipiden een hoge 
..turnover" hebben, hetgeen impliceert dat er een snelle afbraak van deze 
lipiden plaats vindt Enzymen, die noodzakelijk zijn voor de hydrolyse van 
de galactolipiden, zijn door verschillende auteurs aangetoond2'• 2 J Door 
SASTRY en K A T E S 2 1 zijn diverse planten getoetst op de aanwezigheid van ga-
lactohpase-activiteit Uit hun resultaten blijkt dat spinazie praktisch geen 
galactolipase-activiteit heeft Daaren'egen blijken verschillende Phaseolus-
soorten een veel hogere galactolipase-activiteit te bezitten Op grond van hun 
resultaten nemen deze auteurs aan dat er twee verschillende enzymen be­
staan voor de hydrolyse van de galactosyldiglycenden 
Om de vraag op te lossen of er bij Phaseolus twee verschillende enzym­
systemen bestaan, of dat er één enzym is, dat beide galactohpase-activitei-
ten bezit, was het noodzakelijk 
1) de beide galactolipase-activiteiten te isoleren en te zuiveren uit pri-
maire bladeren van Phaseolus multiflorus Lam , 
2) voldoende substraat, mono- en digalactosyldiglycende, voorhanden te 
hebben voor het toetsen van de galactolipase-actieve fracties. De sub-
straten werden geïsoleerd en gezuiverd uit spinazieblad {Spinacio ole-
rácea L ). 
In de laatste publicatie zijn bovendien een aantal eigenschappen van galac-
tolipase beschreven 
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Isolation and separation of mono- and digalactosyldiglycerides from spinach 
leaves with Sephadex LH-20 
The usual methods for the isolation and separation of monogalactosyldiglyceride 
(GDG) and digalactosyldiglyceride (GGDG) are chromatography on Florisil, DEAE-
cellulose and silicic acid1 and treatment with acetone followed by chromatography on 
a silicic acid column as described by WEENINK2 - 4 , and ROUSER et al.b 
This note describes the isolation and separation on a column of Sephadex LH-20 
of GDG and GGDG from the supernatant remaining after removing the majority of 
the phospholipids by acetone precipitation of the total lipid extract. 
Methods and materials 
Extraction of total lipids. About 1 kg of spinach leaves {Spinacia olerácea) were 
washed with water and kept one minute at 95 ° to denature the enzymes. After cooling, the 
leaves were homogenized in a Waring blendor with 96 % ethanol and the residue was 
filtered oft on a Büchner funnel. The residue was then washed with 96 % ethanol until 
colorless. The total filtrate was dried in vacuo to yield 14 g of solid material. This was 
dissolved in 600 ml diethyl ether and was washed with water. The ether phase was 
dried in vacuo to give a yield of 10.9 g. This residue was then dissolved in 220 ml n-
heptane pre-equilibrated with 95 % methanol and was distributed between w-heptane 
pre-equilibrated with 95 % MeOH and 95 % MeOH pre-equilibrated with и-heptane 
as described by CARTER, MCCLUER AND SLIFER*. After drying the MeOH-phase in 
vacuo, the phospholipids from the MeOH phase were removed by precipitation with 
acetone at —10°. The precipitate was filtered off and the filtrate was used after 
drying for Sephadex column chromatography. 
Sephadex LH-20 chromatography. 100 g Sephadex LH-20 were allowed to swell 
for 2 h in chloroform and was then packed into a column with inner dimensions of 
50 χ 3 cm. The column was washed with 500 ml chloroform. The acetone soluble 
lipids dissolved in 4 ml chloroform were applied to the column. Successive elutions 
were made with 800 ml CHC13, 1000 ml CHCl3-MeOH (10:1, v/v), and 575 ml MeOH. 
Fractions of 5 ml were collected. 
Results and discussion 
It was observed that not all phospholipids were removed from the acetone-
soluble lipids by repeated precipitation. When the acetone-soluble lipids were chroma-
tographed on TLC plates of silica gel with CHCl3-MeOH (10:1, v/v) as solvent, a blue 
spot was found after colouring with the molybdenum blue reagent of DITTMER AND 
LESTER7. These remaining phospholipids came out of the column only after elution 
with 260 ml CHC13. The glycolipid GDG was eluted directly after the phospholipids in 
200 ml. After elution with 400 ml CHCl3-MeOH (10:1, v/v) the second glycolipid 
(GGDG) came through in the following 150 ml. The phospholipid GDG- and GGDG-
fractions were concentrated and examined by TLC with CHCl3-MeOH (10:1, v/v) and 
CHCI3-MeOH-H20 (65:25:4, v/v) as solvent systems. Detection was with rhodamine 
B-2',7'-dichlorofluorescein8; anisaldehyde reagent9 and molybdenum blue reagent.' 
The GDG- and GGDG-fractions were hydrolysed with 0.1 N KOH in MeOH for 
15 min at 3j°. The reaction mixtures were neutralized with Amberlite IR 120 (H-
form), filtered and the filtrate was applied to a paper chromatogram (Whatman No. 
J. Chromatog., 28 (1967) 131-132 
132 NOTES 
3ММ) Elution was with phenol-water (3 ι, w/w). After colouring with the penodate-
Schiff reagent we found a single spot in each fraction. In the GDG-fraction, a spot with 
Rp о 68 ( = monogalactosyglycerol) was found and in the GGDG-fraction the spot had 
Rp 0.51 (— digalactosylglycerol). 
This demonstrated that : 
(1) The phospholipid fraction contained no glycolipids. 
(2) The GDG-fraction contained no phospholipids or GGDG. 
(3) The GGDG-fraction was free of GDG and phospholipids. 
Most of the plant ρ gments were removed by this method. However, the glyco-
lipid fractions contained some yellow-brown pigments 
A cknowledgements 
The author appreciates the helpful suggestions of Dr. J. F. G. M. WINTEFMANS. 
This work was supported by the Netherlands Organization of Pure Scientific Research 
(ZWO-SON). 
Botanical Laboratory, University of Nijmegen, P. J. HELMSING 
Nijmegen (The Netherlands) 
1 J S O ' B R I E N A N D A A B E N S O N , J Lipid Res , 5 (1964) 432 
2 R О W E E N I N K , J Sci. Food A gr , 12 (1961) 34 
3 R. O. W E E N I N K , Biochem J , 82 (1962) 523 
4 R. О W E E N I N K , Biochem J , 93 (1964) 606 
5 G R O U S E R , A J B A U M A N , G K R I T C H E V S K Y , D H E L L E R A N D J S O ' B R I E N , / Am Oil Chemists' 
Soc , 38 (1961) 544 
6 H E CARTER, R H M C C L U E R A N D E D S L I F E R , J Am Chem Soc , 78 (1956) 3735 
7 J С D I T T M E R A N D R L L E S T E R , J Lipid Res , 5 (1964) 126 
8 D J O N E S , D E B O W Y E R , G A G R E S H A M A N D A N H O W A R D , J Chromatog , 23 (1966) 172 
9 D W A L D I , in E S T A H L (Editor), Dunnschicht-Chromatographie, Springer, Berlin, 1962, ρ 499 
Received October 31st, 1966 
J Chromatog , 28 (1967) 131-132 


Reprinted from 
fìiochinuca et fìwphysica Acia 
Usi vier Publishing Company 
Amsterdam 
Printed in The Netherlands 
BBA 5314O 
Hydrolysis of galactolipids by enzymes In spinach leaves 
Spinacli leaves contain large quantities of the galactolipids, monogalactosyl-
diglyccnde (GDG, 2 3 ^moles/g leaf) and digalactosyldiglycende (GGDG, 1 3 /zmole/g 
leaf) as reported by W I N T I KMANS1 Several plant species have been tested for the 
presence of galactohpases and specific enzymes for the hydrolysis of these galacto-
lipids have been observed in runner-bean leaves (Phaseolus mulhflorus) by SASTRY 
AND KATES 2 These authors presume on the basis of their data that the following 
reactions are catalyzed by these enzymes : 
GDG -> (galactosyl monoglycende) + fatty acid -> galactosylglycerol + 
fatty acid (1) 
GGDG -> (digalactosyl monoglycende) + fatty acid -> digalactosyl-
glycerol + fatty acid (2) 
Further hydrolysis of the galactosylglycerols is catalyzed by a- and /3-galactosidases, 
also present in the cell-sap cytoplasm, as follows: 
a. galactosidase 
digalactosylglycerol > monogalactosylglycerol 
β galactosidase 
*• glycerol + galactose (3) 
Although they also measured low galactohpase activities in spinach leaves obtained 
from the local market, namely 1% for GDG-hydrolyzing enzyme and 3 % for GGDG-
hydrolyzing enzyme after 30 mm incubation at 300, they did not further examine 
their preparations 
The present communication reports the amount of galactohpase activities in 
an extract from leaves of young spinach plants, the variation in both galactohpase 
activities during storage of the enzyme preparation at 4 0 and the pH optima of these 
reactions 
Spinach plants (Spinacia olerácea) were grown in a cold greenhouse, with the 
maximum temperatures from 7-90 , and the minimum temperatures from 1-30. 
Abbreviations GDG, monogalactosyldiglycende, GGDG, digalactosyldiglycende 
Biochim. Btophys Acta, 144 (1967) 470—472 
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Leaves of young plants, 10 weeks old, were harvested for the extraction of the 
enzymes 
Mono- and digalactosyldiglycende were extracted from spinach leaves by the 
method of B L I G H AND D Y E R 3 These two lipids were isolated and separated in two 
different ways In the first the total lipid extract obtained by the BLIGH AND D Y E R 
procedure was distributed between w-heptane, preequilibrated with 9 5 % methanol, 
and 9 5 % methanol, preequilibrated with η heptane 4 Phospholipids were removed 
from the methanol phase by precipitating with acetone at —10°, and the acetone 
soluble lipids were chromatographed on Sephadex LH 20 (ref 5, Pharmacia, Uppsala) 
by successive elution with the solvent systems, chloroform and chloroform-methanol 
(10 1, v/v) GDG was found ih the chloroform eluate and GGDG in the chloroform-
methanol (10 1, v/v) The second method differed only in chromatography of the 
acetone soluble lipids on silicic acid columns and elution with the following solvent 
systems in order (v/v) chloroform, chloroform-acetone (5 1), chloroform-acetone 
(2 1), chloroform-acetone (1 1) and acetone 6 The chloroform acetone (2 1) fraction 
contained GDG, the acetone fraction GGDG These fractions were stored under 
nitrogen at —10° Both fractions contained some yellow-brown pigments 
Enzyme isolation was carried out according to the ammonium sulfate precipi­
tation procedure of SASTRY AND K A T E S 2 The enzyme preparation is called E P H 
An aliquot of the solutions of GDG and GGDG containing about 1 /¿mole 
(2 /¿equiv acylester) was used for the enzyme assay It was dried in a stream of 
nitrogen and suspended in 0 05 ml methanol о 1 ml о 05 M phosphate buffer, pH 7 о 
for GDG and pH 5 6 for GGDG, and an aliquot of E P I I equivalent to о 8 g leaf were 
added This reaction mixture was brought up to a total vol of о 8 ml with distilled 
water and incubated at 30o in a waterbath for 1 h with continuous shaking The reac­
tion was stopped by adding 2 ml methanol and holding the tubes 30 sec in a water-
bath at 8o° The remaining galactohpids were extracted by the method of B L I G H AND 
D Y E R 3 One ml chloroform was added, the mixture was shaken on a Vortex mixer 
and after 30 min 1 ml chloroform and 1 ml water were added The mixture was 
shaken again and centnfuged For each test there were substrate and enzyme blanks 
for pH 7 о and 5 6 All tests were carried out in duplicate One ml of the chloroform 
phase containing the remaining galactohpids was heated at 1500 to near dryness and 
was further dried in a stream of nitrogen This was a rapid method for obtaining dry 
lipid samples I t does not affect the results when compared with the method of SASTRY 
AND K A T E S 2 The ester content of the chloroform phase was determined by the 
procedure of SNYDER AND S T E P H E N S ' as modified by R E N K O N L N 8 , methyl hnolenate 
was used as reference standard Enzyme activity is thus expressed as /¿equiv reduc-
tion acylester/h incubation at 30o m % after correction for the enzyme blanks 
When we measured the enzyme activities towards GDG and GGDG directly 
after isolation of the enzyme from young spinach leaves, we found an activity to-
wards GDG of the same order as SASTRY AND K A T L S 2 However the activity towards 
GGDG was much higher When we measured the activities of the same enzyme 
preparation after a few days in storage, we found a higher activity towards GDG and 
a lower one towards GGDG The different and unique changes of both galactohpase 
activities with time during storage of the same enzyme preparation at 4° are plotted 
in Fig 1 This figure shows that there is a maximum in enzyme activity towards 
GDG after 10-11 days while the enzyme activity towards GGDG decreases The 
Biochim Biophys Acta 144 (1967) 470-472 
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Fig. I. Changes in galactolipase activities with duration of storage. Reaction mixtures contained 
1.45 /<mole GDG or 1.35 /iinole GGDG. 
Fig. 2. Effect of pH on the enzyme activities towards GDG and GGDG. 
decreasing galactolipase activity of E P H towards GGDG was also found by SASTRY 
AND K A T E S 2 in runner-bean leaves. On the other hand, they did not observe an in­
creasing activity towards GDG. They have used this observation and others to sug­
gest that reactions (1) and (2) are catalyzed by two enzymes rather than one in 
runner-bean leaves. Although a definite answer to this problem awaits further evi­
dence, our current observation in galactolipases in spinach does not support the 
two enzyme argument. 
In addition we also measured the p H optima for both reactions. The pH is 
plotted against % reduction of acylester/h incubation at 30 0 (Fig.2). The pH optima 
of the enzyme from spinach leaves are higher than the optima found by SASTRY AND 
K A T E S 2 in E P H from runner-bean leaves. They found pH 7.0 and 5.6 as optima for 
the GDG- and GGDG-hydrolyzing enzyme, respectively. In the case of young 
spinach leaves, the optima were p H 7.5 for GDG hydrolysis and p H 5.9 for GGDG. 
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SUMMARY 
i . Isolation and purification of the mono- and digalactolipase activity from 
runner-bean leaves (Phaseolus multiflorus Lam.) resulted in one protein which con-
tained both galactolipase activities. 
2. The ratio of the specific activities of the monogalactolipase activity to the 
digalactolipase activity was 2 :1 . 
3. The isoelectric point of the protein with both galactolipase activities is 
pH 7.0. 
4. After incubation no detectable amounts of a lyso compound of the galacto-
lipids were observed in the reaction mixtures. 
5. Experiments concerning the enzyme stability as affected by temperature and 
storage demonstrated that galactolipase from runner-bean leaves is quite stable. 
6. The Michaelis-Menten constants for the mono- and digalactolipase activities 
are 0.65 mM and 0.31 mM, respectively. 
7. The molecular weight of galactolipase is n o 000. 
8. Galactolipase is activated by the addition of strong reductants. 
9. Galactolipase is completely inhibited by cysteine. 
INTRODUCTION 
Monogalactosyl diglyceride and digalactosyl diglyceride, were identified for the 
first time by CARTER et al.l~3, in wheat flour and have been found by several authors 
in photosynthetic plant tissues4^9 as well as in photosynthetic bacteria9. The galactosyl 
diglycerides form the largest lipid fraction of the chloroplast10. The galactolipid 
content of the chloroplasts is related to chlorophyll content. WINTERMANS 5 found 
more galactolipids in green leaves of Sambucus nigra and Phaseolus vulgaris than in 
yellow leaves. R O S E N B E R G 1 1 - 1 3 demonstrated that in cells of Euglena gracilis the 
appearance or disappearance of chlorophyll is accompanied by the simultaneous 
appearance or disappearance of the galactosyl diglycerides in a relatively fixed ratio. 
He suggested that the galactolipids may have a possible function with respect to the 
localization of the porphyrin structures of the chlorophyll by forming a stable lock 
and key fit between the phytol chains of the chlorophyll molecules and the fatty 
acyl chains of the galactolipids. 
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CHANG AND L U N D I S 1 4 found a stimulatory effect of the galactolipids on the 
rate of cytochrome с photoreduction by intact spinach chloroplasts Moreover, it was 
found by F L R R \ R I \ N D B E N S O N 1 5 and by K A T E S 7 that the galactolipids have a high 
rate of turnover logether, the findings in the literature seem to indicate that these 
galactolipids are important for the photosynthetic apparatus of the plants 
The galactolipids apparenti}' need specific enzymes for their hydrolysis 1 6· 1 7 
S \ S I R \ 'VND K A T E S 1 6 have tested several plant species for the presence of galacto-
hpase activity and found that different Phaseolus species are able to hydrolyze mono-
and digalactosyl diglycende On the basis of their data, they assume that two different 
enzy me systems exist for the hydrolysis of the two galactosyl diglycendes Our earlier 
results with young spinach leaves19, however, did not support the hypothesis of the 
two enzyme system for the hydrolysis of the galactolipids The findings in this paper 
suggest that there is only one enzyme which can act on both galactohpid substrates 
Some properties of this enzyme are described 
MATEKIAI S AND MFTHODS 
Plant matertal 
Spinach plants {Spinacio, olerácea L ) were grown in the greenhouse or obtained 
from the local market Runner bean plants {Phaseolus tnultiflorus Lam ) were grown 
in a greenhouse with a dav temperature of 25-26° and a night temperature of 21-22°, 
under a 400-watt Philips HPL lamp Primary leaves were harvested 14-16 days after 
sowing 
Substrates 
Mono- and digalactosyl diglycende were extracted from spinach leaves by the 
method of Bi IGH AND D Y I R19 Ihese two galactolipids were isolated and separated 
in two different ways as described previously1820 Ihe majority of the pigments 
present in the mono and digalactosyl diglycende fractions could be removed by 
column chromatography with silica gel without binder (Machery Nagel and Co , 
Duren, Germany) as absorbent under the influence of the applied centrifugal force 
Particle size of the silica gel was 5-25 μ This method is described by MEYER, E I D 
AND V E R D U I N 2 1 Columns of 3 5 cm χ ι 5 cm were used Stepwise elution was earned 
out with 30 ml of the following solvent systems chloroform, chloroform-acetone 
(10 1, v/v), chloroform-acetone (2 1, v/v) for the monogalactosyl diglycende fraction 
and chloroform-acetone (2 1, v/v), chloroform-acetone (1 2, v/v), and acetone for 
the digalactosyl diglycende fraction 
Pigments with the same or nearly the same Rj. value as both galactolipids on 
a thin-layer chromatogram developed in Solvent system a or b (see Thin-layer chro­
matography) could not be removed 
After purification of each of the two galactohpid fractions by this method the 
chloroform-acetone (2 1, v/v) fraction contained monogalactosyl diglycende, and the 
acetone fraction digalactosyl diglycende Both galactohpid fractions were stored 
under a nitrogen atmosphere at —20° 
Enzyme extraction 
After harvesting, the primary leaves of Phaseolus multiflorus (approx 300 g) 
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were immediately frozen in liquid nitrogen, kept at 4 0 for at least 1 h, and subsequently 
homogenized in an Ato-mixer with 550 ml distilled water for 2 mm The homogenate 
was filtered through two layers of cheese cloth, and the filtrate was centnfuged at 
20 000 χ g for 20 mm in a M S E high-speed 18 centrifuge to remove starch and 
chloroplast fragments The residues obtained after centnfugdtion and cheese-cloth 
filtration were pooled and homogenized again with 150 ml ο οι M phosphate buffer 
at pH 7 0 This second homogenate was filtered through two layers of cheese-cloth 
and the filtrate centnfuged at 20 000 χ g for 20 min The residue was discarded, and 
the supernatants of the first and second centnfugation were pooled and centnfuged 
for 1 h at 105 000 χ g in a Spinco L 2 65 В or a Martin Christ Omega ultracentrifuge 
to remove microsomal particles The clear supernatant (approx 900 ml) was dialyzed 
in cellulose tubes (Lenco, Breda The Netherlands) against 5 1 of 0 01 M phosphate 
buffer at pH 7 0 for 18 h Solid ( N H 4 ) 2 S 0 4 was added to the dialysate, and the fraction 
precipitating between 25 and 7 0 % saturation was collected by centnfugation at 
20 000 χ g for 20 min I he precipitate was suspended in 15 ml of 0 01 M phosphate 
buffer at pH 7 о and dialyzed against 5 1 of the same buffer for 3 5 h The enzyme 
preparation is then clear 
Gel filtration 
The gel was prepared by swelling of about 35 g Sephadex G-200 (Pharmacia, 
Uppsala, Sweden) in 1500 ml of о 01 M phosphate buffer at pH 7 о for at least 3 days 
at room temperature or 5 days at 4° The slurry was degassed, cooled to 4°, and 
poured into a column with inner dimensions of 90 cm χ 4 cm After the (NH 4 ) 2 S0 4 
precipitation, the dialysate was applied to the column Elution was carried out with 
0 01 M phosphate buffer at pH 7 о The flow rate was 2 2 ml/h per cm2, and fractions 
of 14 ml were collected Absorbances at 280 nm were read from a Zeiss PMQ II 
spectrophotometer 
Ion-exchange chromatography 
DEAE-cellulose (DE-32, microgranular, standard) was purchased from What 
man and pretreated according to the manufacturer's instructions, ι e , η g of DEAE-
cellulose was suspended in ο οι M phosphate buffer at pH 7 о The slurry was poured 
into a column with inner dimensions of 10 cm χ 2 cm or 7 cm χ 2 cm Elution was 
carried out at 4° with о 05 M phosphate buffer at pH 7 0 followed by elution with a 
linear salt gradient 0 0-0 5 M NaCl in the same buffer The flow rate was 12 4 ml/h 
per cm 2 Fractions of 6 7 ml were collected 
Асу lester determination 
The procedure of SNYDER AND STEPHI-NS 2 2 modified by R E N K O N E N 2 3 with 
methyl stéarate (Applied Science Laboratories, State College U S A ) as standard 
was used absorbances at 530 nm were read from a Zeiss PMQ II spectrophotometer 
in i-cm glass cuvettes 
Enzyme assay 
The enzyme activity was tested as described previously16 with an aliquot of 
the enzyme preparation equivalent to о 2 g leaf in о 5 M phosphate buffer at pH 7 0 
for monogalactosyl diglycende and at pH 5 6 for digalactosyl diglycende 1 he enzyme 
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activity is expressed as ¿tequi valent reduction of acylester/h incubation at 30e in % , 
after correction for enzyme blanks Specific activity is expressed as /¿equivalent 
reduction acylester/mg protein per h incubation at 300 When the column fractions 
were tested for galactohpase activity, i-ml aliquots were used The enzyme activity 
is then expressed as ЛА
ЪМ n m
 — AS30 n m (substrate blank) — As3onm (incubated 
sample) All tests were carried out in duplicate 
Protein determination 
Protein was determined according to the method of LOWRY et al24, after 
precipitation with 10% trichloroacetic acid Crystalline bovine albumine, Cohn 
Fraction V (Calbiochem, Los Angeles, U S A ) , was used as standard 
Disc electrophoresis 
The method of O R N S T E I N 2 5 and D A V I S 2 6 was followed Polyacrylamide (15%) 
gels of 7 5 cm χ 1 4 cm without an upper gel were used Samples of 2 5 ml containing 
2-5 mg protein in 2 5 % sucrose were applied to the gels Runs were made at 4° with 
о 05 M Iris-glycine buffer at pH 8 3 and 20 mA per gel The areas with galactohpase 
activity were cut out, homogenized in a Potter-Elvehjem homogenizer with о 01 M 
phosphate buffer at pH 7 0, and stored overnight at 4° The homogenate was centn-
fuged for 20 mm at 30 000 χ g, the residue was washed with the same buffer, and 
subsequently the supernatants were pooled and dialyzed overnight against 5 1 of 
0 01 M phosphate buffer at pH 7 0 
Disc electrophoresis at pH 7 о was carried out by a simplified modification of 
the method of F F L B E R O AND SCHULTZ 2 7 A solution of 15% acrylamide was poured 
into tubes of 10 cm χ 1 4 cm to a height of 4 cm, according to the procedure of 
O R N S T E I N 2 5 and D A V I S 2 6 The solutions in the tubes were then polymerized at 39°. 
After polymerization the gels were cooled to 4 0 The samples, in 30% sucrose, were 
placed on the gels A second 15% acrylamide solution was then carefully applied on 
the samples This second solution contained no potassium ferncyanide The solution 
was now able to polymerize at 4 0 Runs were made with 0 05 M 1 ris-glycine-HCl 
buffer at pH 7 о and 20 m A per gel When the runs were finished after 1 5 h, the 
sample zones were pipetted out with a syringe, pooled and dialyzed against 5 1 of 0 01 M 
phosphate buffer at pH 7 о 
If necessary the gels were stained with 1% Amidoblack in 7 % acetic acid for 
1 h and destained electrophoretically with 2 % acetic acid 
When a gel was tested for galactohpase activity it was cut into 2-mm slices 
Each slice was cut into smaller pieces which were put into tubes with 2 ml of 0 01 M 
phosphate buffer at pH 7 о for monogalactosyl diglycende and at pH 5 6 for di-
galactosyl diglycende The tubes were stored overnight at 4 0 For the galactohpase 
activity test 1 2 ml of the phosphate buffer was used 
Thin-layer chromatography 
Thin-layer chromatography was performed on silica-gel plates of 20 cm χ 
20 cm The plates were developed in one of the following solvent systems a, toluene-
ethyl acetate-95% ethanol (10 5 5, v/v/v)28, b, acetone-acetic acid-water (100 2 1, 
v/v/v)29, c, chloroform-methanol-acetone (80 16 4, v/v/v)30 Visible spots were ob­
tained with the penodate-Schiff reagent 3 1 
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Determination of molecular weight 
An aliquot of the enzyme preparation equivalent to 28 g of leaves from the 
first DEAE-column was freeze-dried to a volume of 10 ml and mixed with 30 mg 
α-crystalline (mol. wt. 850 ooo)32, 15 mg human hemoglobin (mol. wt. 64 450)33, 
20 mg trypsine (EC 3.4.4.4; mol. wt. 24 ooo)34 and 60 μΐ of a suspension of lactate 
dehydrogenase (EC1.1.1.27; mol. wt. 116 ooo)35 in 2.2 M (NH4)2S04. This mixture 
was placed on a Sephadex G-200 column (inner dimensions, 90 cm χ 4 cm) in 0.01 M 
phosphate buffer at pH 7.0. The column was eluted with the same phosphate buffer. 
RESULTS 
Enzyme isolation and purification 
When the primary leaves of the runner-bean plants were homogenized with 
water, filtered through cheese-cloth, homogenized with phosphate buffer, and filtered 
again, it gave a dark green filtrate. After ultracentrifugation a light yellow super­
natant was obtained, which became dark brown after precipitation with (NH4)2S04 
and subsequent dialysis for 3 h against 5 1 of 0.01 M phosphate buffer at pH 7.0. 
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Fig. 1. Elution pattern of a Sephadex G-200 column of 90 cm X 4 cm. Absorbances were read 
at 280 nm in 0.5-cm quartz cuvettes. Fractions 18-48 were pooled and used for the next step 
in the purification procedure. 
However, the (NH4)2S04 present was only partly removed by this dialysis. The next 
step in the purification procedure, gel filtration with Sephadex G-200, removed the 
remaining (NH4)2S04. 
In preliminary experiments, all the fractions collected from the Sephadex 
column were tested for monogalactolipase activity. Since it appeared that the activity 
of this enzyme was confined to a single band, only this region was tested for activity 
in the following experiments. The elution pattern and the concurrent monogalacto­
lipase activity of the fractions collected from the Sephadex G-200 column are shown 
in Fig. 1. The digalactolipase activity was tested in the pooled fractions of each peak. 
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The material represented by the peak marked with an arrow in Fig. ι was also active 
in hydrolyzing the substrate digalactosyl diglyceride, which demonstrates that both 
galactolipase activities are present in this band. 
The active fractions of the Sephadex column were applied to a DEAE-cellulose 
column of io cm χ 2 cm. The elution pattern of the DEAE-column and the concurrent 
activities of both mono- and digalactolipase are shown in Fig. 2. Elution of the column 
with the NaCl gradient again resulted in a peak which showed mono- as well as 
digalactolipase activity. When the elution was finished, a dark yellow-brown band 
stayed on the top of the DEAE-column. This band could not be removed by increasing 
the salt concentration up to 3.0 M NaCl. It was also difficult to remove this substance 
by regeneration of the ion-exchanger. I t was therefore necessary to repeat the 
regeneration procedure 1 or 2 times. 
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Fig. 2. Elution pattern of a DEAE-cellulose column of 10 cm χ 2 cm. Absorbances were read 
at 280 nm in 0.5-cm quartz cuvettes. Fractions 47-59 were pooled and subsequently dialyzcd. 
The fractions of the galactolipase active peak, which were yellow-brown, were 
pooled and dialyzed against 5 1 of 0.01 M phosphate buffer at pH 7.0 overnight to 
remove salt. The volume of the galactolipase fraction from the DEAE-column after 
dialysis was 115 ml. The whole fraction was then placed on 15% Polyacrylamide gels. 
I t was necessary to use 45-50 gels. Electrophoresis was carried out at pH 8.3 with 
6 gels running at the same time. Electrophoresis lasted approx. 100 min. 
According to the literature, gels of 7.5% Polyacrylamide are usually used. In 
our case, however, it was found that with gels of 15% Polyacrylamide a better reso­
lution of the protein over the gel was obtained. 
The front of the gels was marked by a yellow-brown band originating from the 
sample. This band moved through the gel with the same or nearly the same velocity 
as bromo phenol blue. After staining with Amidoblack and destaining with acetic 
acid, the front band appeared as a sharp blue band. After the electrophoresis the 
whole gel was slightly yellow-brown colored. The distribution of the monogalacto-
lipase activity on the gel is shown in Fig. 3. This figure demonstrates that the mono­
ico 
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GALACTOLIPASE 
galactolipase activity corresponds to a pronounced dark band in the gel. The area of 
the gel with the monogalactolipase activity also contained the digalactolipase activity. 
This was demonstrated by cutting out the area with monogalactolipase activity and 
homogenizing it with 5 ml of 0.01 M phosphate buffer at pH 5.6, followed by centrifu-
gation at 30 000 X g for 20 min. The supernatant was then tested for digalactolipase 
activity. The remaining parts of the gel were inactive on both substrates. It was 
found that both galactolipase activities were always located at 1/3 of the distance 
covered by the front. On each side of this location, 4-5 mm of the gel was cut out and 
used for the next step in the purification procedure. 
The supernatant of the homogenized and subsequently centrifuged gel parts 
was applied to a second DEAE-cellulose column of 7 cm χ 2 cm. The elution pattern 
of this column is shown in Fig. 4. The first peak of the column which was eluted with 
0.05 M phosphate buffer at pH 7.0 contained gel material which was also extracted 
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Fig. 3. Distribution of the monogalactolipase activity on 15% Polyacrylamide gel. The activity 
of the enzyme was tested as described in the text. A sample of 0.5 mg protein of the galacto­
lipase active fraction from the first DEAE-cellulose column was placed on the gel. 
Fig. 4. Elution pattern of a DEAE-cellulose column of 7 cm χ 2 cm. Absorbances were read in 
i-cm quartz cuvettes at 280 nm. Fractions 1-11 contained the gel material. Fractions 19—27 
were used for the electrophoresis at p l l 7.0. 
from the gel together with the two galactolipase activities. However, the eluate was 
still colored a light yellow-brown. After elution a yellow-brown band which had a 
much lower intensity than in the case of the first DEAE-column, remained on the 
top of the column. Regeneration of the ion-exchanger easily removed the yellow-
brown substance. 
The best way to remove the colored substance from the NaCl eluate was by 
disc electrophoresis at pH 7.0. I t was found that at this pH the colored substance 
moved to the anode as a sharp band, whereas neither galactolipase activity moved 
in any direction. Thus this experiment showed that the isoelectric point for both 
galactolipase activities is pH 7.0. The sample zone is then colorless. Dialysis of the 
pooled sample zones, after the electrophoresis at pH 7.0 against 5 1 of 0.01 M phos-
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Fig. 5. Purified galactülipase preparation. The sample contained 3 ml 0.01 M phosphate buffer 
at pH 7.0, 25% sucrose and 50 /ig protein. The electrophoresis was carried out with 0.05 M Tris-
glycine buffer at pH 8.3 and 20 mA. 
phate buffer to remove sucrose and the Tris buffer of the electrophoresis, was the last 
step in the purification procedure for both galactolipase activities. 
An electrophoretogram of the purified enzyme preparation on a gel of 15% 
Polyacrylamide is shown in Fig. 5. It shows one single band which contains both the 
mono- and the digalactolipase activity. A second criterion for the purity of the 
enzyme was electrophoresis on a gel of 15% Polyacrylamide at pH 7.5. At this pH 
we also found a single band which moved through the gel more slowly than at pH 8.3. 
A third criterion for the purity of the enzyme was electrophoresis on a gel of 15% 
Polyacrylamide at pH 8.3 containing 5 M urea. After staining with Amidoblack and 
destaining we also found a single band. 
TABLE I 
PROTEIN CONTENT AND SPECIFIC ACTIVITIES AT EACH STEP IN THE PURIFICATION PROCEDURE OF 
THE GALACTOLIPASE ACTIVITIES 
The values in this table are averages of the results of 2-4 experiments. 
Purification procedure Proteinjjoo g leaf Specific activity Relative specific 
activity 
mglfraction % GDG' GGDG" GDG' GGDG" 
4990 
2050 
1050 
747 
266 
105 
7-4 
r.o 
100 
41 
21 
r4-5 
5-3 
2.1 
0 1 5 
0.02 
0.18 
0.20 
0.25 
0-43 
1-54 
2.68 
3-25 
10.20 
0.09 
O.IO 
O.I2 
0.25 
0.80 
1.50 
1.62 
3.80 
1.0 
I.I 
1-4 
2.4 
8.6 
14.8 
18.1 
56.7 
1.0 
I.I 
1-3 
2.8 
8.9 
16.7 
18.0 
42.2 
* GDG, monogalactosyl diglyceride 
** GGDG, digalactosyl diglyceride 
r i rs t cheese-cloth filtration 
Second cheese-cloth filtration 
Pooled supernatants after cen-
trifugation at 20 000 χ g 
Supernatant after ultracentri-
fugation 
Precipitate between 25-70% 
(NH 4 ) 2 S0 4 saturation 
Sephadex G-200 column 
First DEAE-column 
Second DEAE-column 
Disc electrophoresis at pH 7.0 
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The protein contents of the galactolipase active fraction at each step in the 
purification procedure as well as the specific and relative specific activities of both 
mono- and digalactolipase on the substrates mono- and digalactosyl diglyceride are 
compiled in Table I. The data show that when the residue obtained after homogeniz­
ing with water and filtering with cheese-cloth is again homogenized with buffer, an 
additional 2 5 % of the protein can be extracted. It is also shown that the recovery of 
the enzyme with both galactolipase activities is low, namely 0.02% of the total 
protein extracted. This corresponds to approx. 3 ^g enzyme/g leaf fresh weight. 
It was found that the specific activity of the enzyme in the pooled and centri-
fuged cheese-cloth filtrates towards the substrate monogalactosyl diglyceride is two 
times the specific activity of the enzyme towards digalactosyl diglyceride. At each 
step of the purification procedure the ratio of the specific activities towards mono­
galactosyl diglyceride and digalactosyl diglyceride is the same, namely 2:1. Sub­
sequently, the relative specific activities increase by the same factor for both galacto­
lipase activities at each step of the purification procedure except the last, when the 
increase in relative specific activity is not the same for both galactolipase activities. 
After the last step in the purification of this enzyme the monogalactolipase 
activity is purified 57-fold and the digalactolipase activity 42-fold with regard to the 
pooled cheese-cloth filtrates. 
Stability experiments 
When the incubation mixtures were heated in a water bath just before the 
incubation, it was found that the galactolipase activities decrease, as is shown in 
Fig. 6. After io min at 6o c there is about 70-75% of the monogalactosyl diglyceride-
hydrolyzing activity left as compared with the control sample. In the case of di-
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Fig. 6. Effect of different temperatures on the galactolipase activities. The reaction mixtures 
contained approximately ι μηιοίε monogalactosyl diglyceride (GDG) or digalactosyl diglyceride 
(GGDG). 
Fig. 7. Decrease in mono- and digalactolipase activity with time during storage at 40. The reaction 
mixtures contained approx. 1 ¿«mole monogalactosyl diglyceride (GDG) or digalactosyl diglyceride 
(GGDG). 
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galactolipase activity there remained only 16% of the original activity after heating 
for io min at 6o°. 
Heating of the incubation mixtures at 70 o resulted in a stronger decrease of 
both galactolipase activities, as expected. However, after io min at 70o there is still 
some activity left. 
The enzyme preparation after the ( N H 4 ) 2 S 0 4 precipitation and the subsequent 
dialysis was stored at 4°. At different times a sample was taken and tested for both 
galactolipase activities at their respective pH optima. The results from this experiment 
are shown in Fig. 7. The curves show that there is no strong decrease in either 
galactolipase activity during the storage of this enzyme preparation at 4°. At the 
same time it was found that after 4 weeks, the monogalactolipase activity was reduced 
to approx. 60% and the digalactolipase activity to approx. 5 3 % of the original 
activity. 
Determination of Michaelis-Menten constants 
Mono- and digalactosyl diglyceride were incubated at 30 0 at their respective 
pH optima in varying concentrations. When plotted according to LINEWEAVER AND 
B U R K 3 6 a linear relation between ι/υ and i/S is obtained. In the case of the mono­
galactolipase activity i/w
m
ax is 3-54, which gives a calculated K
m
 value of 0.65 111M. 
In the case of the digalactolipase activity i / n
m a x
 is 2.55, and the K
m
 value 0.31 mM. 
The Michaelis-Menten constants demonstrate that the enzyme has a greater affinity 
for the digalactolipid than for the monogalactolipid. 
Determination of molecular weight 
The approximate molecular weight of galactolipase from runner-bean leaves 
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Fig. 8. The determination of the molecular weight of galactolipase carried out by means of a 
Sephadex G-200 column and 4 reference proteins. 
Fig. 9. Effect of the reductants sodium dithionite (Na2S2()4) and sodium metabisulphite (Na 2S 20 5) 
on both galactolipase activities. GDG, monogalactosyl diglyceride and GGDG, digalactosyl di­
glyceride. 
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was determined by means of a Sephadex column, as described in METHODS AND 
MATERIALS. In Fig. 8 are plotted the number of the tubes with the different protein 
peaks against the logarithm of the molecular weight of the reference proteins. This 
figure shows that the molecular weight of galactolipase differed slightly from the 
molecular weight of lactate dehydrogenase. The molecular weight calculated from 
this curve for galactolipase from runner-bean leaves was n o ooo. Since the molecular 
weight of galactolipase approaches that of lactate dehydrogenase, we may expect that 
this molecule also consists of subunits. 
Activation of both galactolipase activities 
Both galactolipase activities could be activated by the addition of the reductant 
sodium dithionite (Na 2 S 2 0 4 ) . The concentration of this reductant is plotted against 
mono- and digalactolipase activity in Fig. 9. This figure shows that the highest 
activation of mono- as well as digalactolipase activity is reached when the dithionite 
concentration is between 4.0 and 7.0 mM. Dithionite concentrations higher than 
7.0 mM produce a decrease in the activation of both galactolipase activities. It is also 
shown that the action of dithionite on the digalactolipase activity is much stronger 
than its action on the monogalactolipase activity. 
With the reductant sodium metabisulfite (Na 2 S 2 0 5 ), we obtained essentially 
the same results as with dithionite (see Fig. 9). The only difference was that the 
activation of the monogalactolipase activity by metabisulfite was approx. 10% higher 
than the activation by dithionite. 
The naturally occurring reductant ascorbic acid, which is found in relatively 
large amounts in plants, has no influence on either galactolipase activity. 
Inhibition of both galactolipase activities 
Both galactolipase activities were inhibited by the addition of two kinds of 
inhibitors to the incubation mixtures, i.e., on the one hand, cysteine, 2-mercaptc-
cysteine 
glutathione 
2-mercaptoethanol 
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Fig. 10. Effect of reagents containing an SH-group on mono- and digalactolipase activity. Cy­
steine inhibits both galactolipase activities completely. GDG, monogalactosyl diglyceride and 
GGDG, digalactosy! diglyceride. 
Fig. и . Effect of PCMB on mono- and digalactolipase activity. The reaction mixtures contained 
approx. 1 /(mole monogalactosyl diglyceride (GDG) or digalactosyl diglyceride (GGDG). 
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ethanol and reduced glutathione (GSH) which contain an SH-group, and />-chloro-
mercunbenzoate (PCMB) which acts on the SH-groups of the protein molecule on 
the other hand In Fig io the concentration of the first group of inhibitors is plotted 
against the galactohpase activity expressed as % of the control In Fig n the 
galactohpase activity is plotted against the PCMB concentration 
When the enzyme preparation was treated with 2,3-dihydroxy-i,4-dithiolbutane 
(dithioerythntol) at pH 8 о according to C L E L A N D 3 7 and then incubated with the 
galactohpid substrates, only a small inhibition, namely 13%, of both galactohpase 
activities at a dithioerythntol concentration of 13 mM was obtained 
DISCUSSION 
SASTRY AND K A T E S 1 8 assume on the basis of their stoichiometric and chromato­
graphic data that the following reactions are catalyzed by the galactohpase active 
fractions 
Monogalactosyl diglycende -> (galactosyl monoglyccndc) + fatty acid -> monogalactosyl 
glycerol + fatty acid (1) 
Digalactosyl diglycende -> (digalactosyl monoglycende) | fatty acid -»• digalactosyl glycerol + 
fatty acid (2) 
In agreement with SASTRY AND K A T E S 1 6 , we could not detect any lyso compound 
of the galactohpids in the chloroform phase after incubation of the galactohpids with 
a galactohpase active fraction by thin-layer chromatography in Solvent system a or 
с This is apparently due to the fact that the formation of the galactosyl glycerols 
has a higher reaction rate than the deacylation reaction of the galactohpids to lyso 
compounds 
The question arises of whether there are two different enzymes, each specific 
for mono- or digalactosyl diglycende, or whether there is just one en7yine which can 
act on both monogalactosyl and digalactosyl diglycende Our results suggest that in 
the primary leaves of Phaseolus mulhflorus only one enzyme is present which catalyzes 
the hydrolysis of monogalactosyl diglycende at pH 7 0 and digalactosyl diglycende 
at pH 5 6 This one-enzyme hypothesis is based on the fact that at each step of the 
purification procedure the relative specific activities towards both substrates increase 
by the same factor Secondly, electrophoresis of the purified enzyme preparation at 
two different pH's and on a 5 M urea gel results in only a single band after staining 
with Amidoblack and destaining This result shows that the purified enzyme prepa­
ration probably consists of one protein which contains both galactohpase activities 
The decrease in protein content of the pooled supernatants after centnfugation 
at 20 000 χ g was 5 9 % At the same time the relative specific activities increased by 
a factor of 1 1 which means that there is also a big loss of the galactohpase activities 
An explanation of this phenomenon could be that the galactohpase molecules do net 
occur free in the cell but are bound to cell particles 
After dialysis for 48 h against distilled water of the supernatant obtained after 
centnfugation at 20000 χ g, SASTRY AND K A T E S 1 6 obtained a precipitate which 
contained all the monogalactohpase activity, whereas the digalactohpase activity 
was distributed between the precipitate and supernatant in a ratio of 7 3 These 
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results were arguments for their two-enzyme hypothesis However, in our case we 
never obtained a precipitate, even after dialysis for more than 3 days 
The isoelectric point of both galactohpase activities was at pH 7 ο 1 his means 
that in case of the monogalactohpase activity the protein molecule is neutral At 
pH 5 6 the galactohpase molecule has a positive charge It can than act on the 
digalactohpid A relatively simple explanation for the double action of the enzyme 
would be to assume an allostenc transformation of the protein molecule under the 
influence of the pH This will make the enzyme suitable for either Reaction 1 or 2, 
depending on the pH If true, this allostenc transformation must be a reversible 
process since after changing the pH from 7 0 to 5 6 for 7 h and then back to pH 7 о 
again, the enzyme still shows monogalactohpase activity, although some loss of 
activity does occur 
The increase of the relative specific activity during the last step of the purifi­
cation procedure is less for the digalactohpase activity than for the monogalactohpase 
activity A possible explanation would be that some denaturation of the enzyme 
occurs which affects the allostenc transformation Furthermore, it was found that the 
enzyme activity towards digalactosyl diglycende is much more thermolabile than the 
activity towards monogalactosyl diglycende This too may be due to denaturation 
which also affects the allostenc transformation when the pH is altered from 7 о to 5 6 
The experiments concerning stability on storage showed that the enzyme is 
reasonable stable This is in good agreement with the results obtained with the 
temperature-stability experiments 
The galactohpid hydrolyzing system from runner-bean leaves appears to be 
quite different from the same enzyme system in young spinach leaves In the case of 
young spinach leaves, we found 1 8 no monogalactohpase activity and a relatively high 
digalactohpase activity 4 days after harvesting the leaves During the storage of the 
enzyme preparation after the ( N H 4 ) 2 S 0 4 precipitation from spinach leaves at 4°, the 
digalactohpase activity decreased, whereas the monogalactohpase activity showed 
an optimum after 10-11 days In the case of runner-bean leaves, such an optimum in 
galactohpase activity was not observed 
The Michaehs-Menten constants calculated in the same way by SASTRY AND 
K A T E S 1 6 were 7 8 mM for the monogalactohpase activity and 1 5 mM for the digalacto­
hpase activity Companson of these values with the values we found for the К
т
'ъ 
show that the constants we calculated are lower by a factor of approx 10 This means 
that our enzyme preparation has a stronger affinity for the galactohpids than the 
enzyme preparations of SASTRY AND K A T E S 1 6 
It is known from the l i te ra ture 3 8 - 4 1 that endogenous tannins or quiñones and 
tannins formed after cell rupture inhibit many enzymes extracted from plant tissues 
Ihe activity of peptidase extracted from tobacco leaves is higher when reducing 
agents like sodium thioglycollate, sodium dithionite and potassium metabisulfite are 
included in the extracting medium due to the reduction of quiñones which inhibit the 
enzyme42 
The activation of galactohpase from runner-bean leaves by sodium dithionite 
and by sodium metabisulfite could thus be due to the reduction of quiñones which 
normally inhibit the enzyme Extraction of the quiñones from the enzyme preparation 
with light petroleum (b ρ , 40-600) or with water insoluble polyvinylpyrrolidone 
(Polyclar AT) according to ANDERSON AND S O W E R S 4 3 gave no results In the latter 
P. J . HELMSING 
case all the galactolipase activity was bound to the polyvinylpyrrolidone and could 
not be removed without loss of both galactolipase activities. 
Cysteine, 2-mercaptoethanol, GSH and PCMB inhibit the galactolipase activi­
ties. However, inhibitors with the SH-group, which probably act on the disulfide 
bridges in the protein molecule44, show a stronger inhibition on the mono- as well as 
on the digalactolipase activity than PCMB. On the basis of these results, it is reason­
able to assume that the SH-groups in the galactolipase molecule are less important 
for the galactolipase activities than the disulfide bridges. However, addition of dithio-
erythritol gave only a small inhibition, although it is known that this inhibitor 
quantitatively reduces disulfide bridges. 
Even at high concentrations of 2-mercaptoethanol, GSH and PCMB, we never 
observed more than a 40-50% inhibition. 
Both galactolipase activities were inhibited 100% by the amino acid cysteine. 
Since isolated chloroplasts lose their functions during storage of the chloroplast 
suspensions and since this Іоьь of functions is probably partly due to the galactolipase 
activity45, it should be of interest to know how chloroplasts will behave when isolated 
in the presence of cysteine. 
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SAMENVATTING 
Om de mono- en digalactolipase-activiteiten te kunnen toetsen, werden 
mono- en digalactosyldiglyceride uit spinazieblad (Spinacia olerácea L.) ge-
ïsoleerd en gescheiden. Spinazieblad werd met chloroform/methanol geho-
mogeniseerd en geëxtraheerd. Via een verdeling tussen n-heptaan en 95% 
methanol en een acetonprecipitatie werd het chloroform extract op een 
Sephadex LH-20 kolom gebracht. Door elutie met chloroform werden eerst 
de resterende fosfolipiden opgevangen en daarna het monogalactolipide. Het 
digalactolipide werd met chloroform/methanol (10 : 1, v/v) geëluseerd'). 
Naast de genoemde methode voor de isolatie en scheiding van de galac-
tolipiden werden deze lipiden gezuiverd door kolomchromatografie met kie-
zelzuur en stapsgewijze elutie met chloroform/aceton mengsels2). 
De galactolipidefracties van beide methoden bevatten nog pigmentmate-
riaal. Met behulp van kolomchromatografie in de centrifuge kon het over-
grote deel van het pigmentmateriaal op een snelle wijze verwijderd wor-
den3). 
De mono- en digalactolipase activiteiten uit jong spinazieblad gedragen 
zich bij 4° verschillend. De digalactolipase activiteit neemt met de tijd af, 
terwijl de monogalactolipase activiteit eerst met de tijd toeneemt, een maxi-
mum bereikt na 10-11 dagen en daarna afneemt. De pH optima voor beide 
galactolipase activiteiten zijn eveneens verschillend. De monogalactolipase 
activiteit heeft een optimum bij pH 7,5, de digalactolipase activiteit bij 
pH 5,92). 
Isolatie en zuivering van de mono- en digalactolipase activiteiten uit bo-
nenblad (Phaseolus multiflorus Lam.) resulteert in één eiwit, dat beide galac-
tolipase activiteiten bevat. Deze conclusie is gebaseerd op de feiten dat: 
a) gedurende de gehele zuivering de verhouding van de specifieke activi-
teiten van de monogalactolipase activiteit tot de digalactolipase activiteit 
2 : 1 is, 
b) electroforese bij twee verschillende pH's na kleuring één band te 
zien geeft, 
c) electroforese op een 5 molair ureum bevattende Polyacrylamide gel 
eveneens één band te zien geeft na kleuring. 
In de reactiemengsels na incubatie met galactolipase actieve fracties kon-
den geen lyso-componenten van de galactolipiden met dunnelaag-chromato-
grafie aangetoond worden. 
Uit temperatuur- en tijdsstabiliteitsexperimenten is afgeleid dat galactolipase 
') Isolation and separation of mono- and digalactosyl diglyceride from spinach 
leaves with Sephadex LH-20. 
J. Chromatog., 28 (1967) 131. 
a) Hydrolysis of galactolipids by enzymes in spinach leaves. 
Biochim. Biophys. Acta, 144 (1967) 470. 
3) Purification and properties of galactolipase. 
Biochim. Biophys. Acta, 178 (1969) 519. 
een stabiel enzym is. Het heeft een moleculair gewicht van ongeveer 110.000, 
terwijl de Michaelis-Menten constanten voor de mono- en digalactolipase 
activiteit respectievelijk zijn 0,65 X 10—3 mol/l en 0,31 X 10—3 mol/l. 
Door sterke reductiemiddelen wordt galactolipase geactiveerd. Het amino-
zuur cysteine daarentegen kan galactolipase volledig remmen 3). 
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